INTRODUCTION
We detected greater hierarchical differentiation in the non-Asian cluster (Fig. S3C ). At K=3 we 163 observed divergence between the Western Europe (W Euro) and Northern Europe (N Euro) 164 clusters (Fig. S9) . The W Euro cluster contained rats from Europe (Great Britain, France, 165 Austria, and Hungary), Central and South America (Argentina, Brazil, Chile, Galapagos Islands, 166 Honduras, Guatemala, Panama), the Caribbean (Barbados, Saint Lucia), North America (eastern, 167 central, and western USA), New Zealand, and Africa (Senegal and Mali); and the N Euro cluster 168 included Norway, Sweden, Finland, Germany, and the Netherlands (Fig. 2, S4 , S8, S9). Within 169 these broad geographic regions, many subclusters were identified by ADMIXTURE that likely 170 resulted from either intense founder effects, isolation resulting in genetic drift, the inclusion of 171 second and third order relatives in the dataset, or a combination of these factors. In the global 172 analysis, four clusters were nested within W Euro (the island of Haida Gwaii, Canada; 173 Vancouver, Canada; Kano, Nigeria; and Sonoma County in the western USA) and two within N 174 Euro (Bergen, Norway; Malmo, Sweden). We identified additional well-supported subclusters 175 within the non-Asian cluster at K=12, 15, and 17 that represented individual cities (Fig. S9 ).
177
Our analysis using FINESTRUCTURE identified 101 clusters ( Fig. 3) . Of the 39 cities where 178 more than one individual was sampled, 19 cities supported multiple clusters indicating genetic 179 differentiation within cities. As GPS coordinates were not collected, we cannot hypothesize if 180 these clusters represent distinct populations or were artefacts of sampling relatives, despite 181 removal of individuals with relatedness coefficients greater than 0.20, although the 182 FINESTRUCTURE algorithm should be robust to relatedness when identifying clusters. The
183
Asian and N Euro sampling sites individually had higher coancestry coefficients between 184 locations ( Fig. 3 ) which supported the hierarchical clustering observed using ADMIXTURE.
186
Mitochondrial Genome-We identified 10 clades within a network-based analysis of 103 187 mitochondrial haplotypes ( Fig. 4 , Tables S5, S6 ). Many of the clades had spatial structure 188 concordant with the nuclear genome results ( Fig. 2A ). We observed clade 1 in China, Russia, 189 and western North America. Additionally, clades 6 and 9 contained a single haplotype only 190 observed in China. We interpret the diversity of clades within northern China as representative of 191 geographic structure in the ancestral range prior to movement of rats by humans ( Fig. 4 , Table  S6 ). In SE Asia we observed clades 2 (aboard the Bangun Perkasa), 3 (Philippines), and 5 193 (Cambodia, Thailand, and Vietnam). Clade 4 was found in western North America. European 194 samples comprised three divergent clades (3, 8, and 10) . Clade 8 was observed across Europe, 195 western North America, and South America; this clade shared ancestry with clade 7 which was 196 observed in Russia and Thailand (Fig. 4 ). 199 We thinned our dataset to the sampling site with the largest sample size within each of the 13 200 clusters supported by ADMIXTURE and analyzed the data using TREEMIX (Fig. S10 ). We 201 observed divergence within Asia first, followed by the two independent expansions into western 202 North America. Drift along the backbone of the non-Asian cluster was limited, indicating rapid 203 expansion of rats into Africa, Europe, and the Americas (Fig. S10 ). Both the population tree S4). Given evidence for an early southward expansion ( Fig. S10 ), we hypothesize that the 219 founding of SE Asia was accompanied by a weak bottleneck resulting in relatively low loss of 220 genetic diversity. However, following founding regional diversification occurred as we observed 221 substructure in both the nuclear and mitochondrial genomes ( Fig. 2, 4 , S7).
198

Range Expansion
223
Two Independent Eastward Expansions -We observed population divergence along the first 224 eastward expansion from eastern Russia into the Aleutian Archipelago based on PCA ( Fig. S6 ).
225
Both the population tree topology and PCA indicate that a second eastward expansion progressed 226 from Asia to western North America (Fig. S6, S10 ). While the Western North America cluster 227 was observed in both northern and southern Pacific coast localities ( Fig. S5A ), we cannot 228 extrapolate that this cluster represents the entirety of the coastline. Specifically, Sitka, Ketchikan, Table S6 ). Thus, Europe may have been independently colonized three 245 times, although the routes remain an open question. We hypothesize that clade 10 arrived 246 overland around the Mediterranean Sea, similar to black rats (Aplin, et al. 2011) . We hypothesize 247 that following the independent colonizations, the genetic backgrounds admixed prior to 248 divergence between the N Euro and W Euro clusters given the low nuclear F ST (Table S4) .
250
Notably, we detected genetic differentiation of Bergen, Norway and Malmo, Sweden within the 251 N Euro cluster (Fig. 2) . This pattern suggests drift following either a strong founder effect or 252 population isolation and limited gene flow. Isolation is likely driving the pattern observed in 253 Bergen, which is separated from eastern Norway by mountains that are thought to limit 254 movement of commensal rodents (Jones, et al. 2010 We detected a fifth range expansion that can be attributed to transport by western European 258 imperial powers (1600s-1800s) to former colonial territories (Fig. 2, 3 New Zealand, which is consistent with the introduction of brown rats by British colonists, as has 261 also been inferred for black rats (Aplin, et al. 2011) The samples from Nigeria and Mali formed a sister clade in FINESTRUCTURE, which likely 269 reflects a shared history as French colonies, although Senegal fell outside of the clade (Fig. 3) . The complex distribution of clusters in North America is suggestive of a dynamic colonization 278 history, including independent introductions on both the Atlantic and Pacific coasts (Fig. 2) . We and one in Europe (Lack, et al. 2013) . Along the Pacific coast, cities with both Asian and non-Asian nuclear ancestry were observed (Fig. 2) , which parallels the pattern observed in black rats 285 (Aplin, et al. 2011) . Given the bicoastal introductions, it is unsurprising to observe admixture in 286 North American cities such as the San Francisco Bay Area and Albuquerque, where each has 287 elevated coancestry coefficients with Asian and non-Asian clusters (Fig. 3) . We also observed 288 limited eastward dispersal of Asian genotypes, although other work has found evidence of 289 greater inland penetration (Lack, et al. 2013) .
291
Rats from Haida Gwaii off the coast of British Columbia, Canada, were consistently recovered as 292 a separate cluster in ADMIXTURE, and had high coancestry coefficients and F ST with other 293 populations ( Fig. 3, Table S4 ), indicating substantial genetic drift following colonization. Rats Brown rats exhibit population structure over a remarkably fine-grained spatial scale (Fig. 3) ; 300 specifically, rat population structure exists at the scale of both cities and neighborhoods. We 301 found evidence of heterogeneity among cities as some appear to support one population while 302 others support multiple populations. For example, we detected a single population across 303 multiple neighborhoods in Manhattan (NYC, USA), whereas four genetic clusters (Fig. 3) were 304 observed in a neighborhood in Salvador, Brazil, a result that confirmed previous microsatellite 305 based analyses (Kajdacsi, et al. 2013) . Although denser sampling will be needed to confirm 306 whether these groups represent distinct populations or reflect oversampling of intra-city pockets 307 of highly related individuals, intra-city clustering likely represents substructure considering the 308 global design of our SNP dataset. Observations of highly variable intra-city structure suggest the 309 following three scenarios: first, effective population size rapidly increases after invasion, to competitive exclusion (Waters 2011). Gene flow into colonies may also be sex-biased as 315 females were recruited more readily than males in a two-year behavioral study of brown rats 316 (Calhoun 1962). We did observe gene flow in our dataset, including an individual matching 317 Coastal Alaska into the Bay Area and an individual with high Sonoma Valley ancestry in 318 Thailand (Fig. 2B) , thus migration due to contemporary human-assisted movement is possible 319 and ongoing. However, given increasing connectivity due to trade and continual movement of 320 invasive species (Banks, et al. 2015) , we expected greater variability in ancestry proportions 321 within cities than observed (Fig. S4) . Third, cityscapes vary in their connectivity where some Understanding the Spread of Zoonotic Pathogens-Understanding the global population structure 329 of brown rats offers novel perspectives on the forces driving the spread of zoonotic disease. Our 330 inference that competitive exclusion may limit entry into established populations helps explain 331 why zoonotic pathogens do not always exhibit the same spatial distribution as rat hosts as well as 332 the patchy distribution of presumably ubiquitous pathogens within and between cities 333 (Himsworth, et al. 2013) . While within-colony transmission of disease and natal dispersal 334 between colonies are important factors related to the prevalence of zoonotic disease, our results 335 also suggest that contemporary human-aided transport of infected rats does not contribute to the 336 global spread of pathogens, as we would expect higher variability of ancestry proportions within 337 cities if rats were successfully migrating between cities. Additionally, our results indicate that 338 rats with different genomic backgrounds may have variable susceptibilities to pathogens, though 339 differential susceptibility likely depends on concordance between the geographic origins of 340 pathogens and rats. While this idea needs pathogen specific testing, it could have substantial 341 implications for global disease transmission. islands and in ecosystems with high biodiversity is a priority for conservation of at-risk species, 345 as rats outcompete or kill native fauna. It remains challenging to gauge the success of eradication programs, because it is difficult to distinguish between post-intervention survival and 347 reproduction as opposed to recolonization by new immigrants (Piertney, et al. 2016) .
348
Understanding fine-scale population genetic structure using dense nuclear marker sets (Robins, 349 et al. 2016) , as in this study, would allow managers to more clearly assess outcomes and next 350 steps following an eradication campaign. For example, genomic analyses could illustrate that an 351 area has been recolonized by immigration from specific source populations, thereby allowing 352 managers to shift efforts towards biosecurity to reduce the likelihood of establishment by 353 limiting the influx of potential immigrants. 
MATERIALS and METHODS
356
We obtained rat tissue samples from field-trapped specimens, museum or institute collections, 357 and wildlife markets (Tables S1, S2). As GPS coordinates for individuals were not always 358 available, the sampling location was recorded as either the city, nearest town, or island where 359 rats were collected. we allowed m to vary between two and five. We selected m = 3 to balance between removing 385 real loci and stacks that erroneously mapped to the reference genome. In the cstacks program we 386 assessed the number of allowed mismatches between tags (n) from zero to two. We observed 387 little difference for this parameter between our test values and decided to use n = 2 as a 388 conservative measure. 
